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Executive Summary

Intensive anthropogenicactivitiesin San Francisco/Sacramento-San Joaquin Bay-Delta region
have reduced and altered habitat for many important species and affected the ecological integrity
and sustainability of the region. These effects are mainly associated with ecosystedwater
quality. Ecosystem restoration becomes essential in maintaining sustainability of the region in
biodiversity and productivity.

Ecosystemrestoration in the region requires comprehensive information on fluctuating
environmental conditions, and potential risks to the ecosystem quality. Using the traditional
ground point-measurement method to monitor and assess the environmental conditions and
ecosystem quality in such a vast region is time-consuming and expensive. However, combining
remote sensing and Geographic Information Systems(GIS) analysis provides a new approach for
monitoring and assessing environmental conditions and ecosystem quality in the Bay-Delta
region.

Remote sensing satellite data can provide insight into environmental conditions and ecosystem
quality for the Bay-Deltaregion. Our Department can combine spectral data and existing GIS
databases to derive the information on ecological productivity, biodiversity and biomass
productivity, surface moisture variation, and near-surface energy exchange. Then the derived
information can be utilized for monitoring and assessing the spatial variations of ecological
integrity and sustainability in the region.

A number of remote sensing data and GIS databases on the Bay-Deltaregion have been acquired
and established in last two decades. The objective of the proposed research is to develop methods
and procedures by which available remote sensing data and GIS databases can be utilized to
monitor and assess environmental conditions and ecosystem quality in the Bay-Deltaregion.

Environmentaliecological conditions have different spectral characteristicsin visible, near
infrared and thermal infrared regions of the spectrum. Accordingly, the spectral features
retrieved from remote sensing data can be used as indicators for environmental quality and/or
other environmental and biological conditions. These conditions include water sediment content,
chlorophyll content, and water temperature, as well as ground temperature, soil moisture, heat
fluxes, vegetation productivity, biomass, vegetation density, and cover rate. Due to the specific
differences of biochemistry, morphology, and canopy structuresamong the target species (Table
1) in the Delta, these species-specific features can be remotely sensed and target species can be
distinguished by the specific biological feature-lightresponses. Therefore, using multi-band
remote sensing data acquired at various seasons, the ecosystedwater quality as well as
environmental/ecological conditions in the Bay-Delta region can be assessed and monitored for
the target species.

The research approaches are as follows:
(1) Develop algorithmsto retrieve environmental features (define environmental features here.. .)

from remote sensing images. The research will develop and test various algorithms for three
aspects: estuary water color indicating different environmental conditions; vegetation index




indicating vegetation status, and ground temperature indicating thermal features of the region.
We will use several kinds of multi-band remote sensing data coveringvisible, near infrared and
thermal infrared regions of the spectrum. We will utilize various spatial and temporal
resolutions. Data sourcesmainly include NOAA-AVHRR, Landsat TM, and other airborne
images.

(2) Retrieve the required ground truth measurements from the available GIS databases. These
measurements will be used for determining the relationship between the remotely sensed
reflectance and the biological features in the regions. The GIS databases will guide us in
designing the ground truth locations and measurements. The database will provide a validation
for the relationship between the remotely sensed image and the biological/ecological featureson
the surface. About 20 sites representing various ecosystem patterns and
environmentallecological conditions in the Bay-Delta region will be selected for ground truthing
measurements. Important environmental conditions and the site-specific condition of biology and
ecology of the target specieswill also be measured/observed at each sites during the project
period.

(3) Determine relationships between remote sensing-based spectral properties/features and
environmentallecological conditions as indicated in the ground truth measurement data. These
relationships are used to monitor and assess ecosystedwater quality and
ecological/environmental conditions of the Bay-Delta region for the target species.

The geographic scope of our research would include the whole region of CALFED Bay-Delta
Program, although we would focus more on the ecological zone of the region (Fig. 1). This
research would have no adverse impacts on any third parties.

Figure 1. Geographic Location of the Bay Delta Region for the proposed research

Applicability to CALFED goals: The proposed research will be applicable to the first and the
third general objectives of the CALFED Bay-Delta Programs, i.e. ecosystem quality and water
quality. Using remote sensing and GIS, our proposed research intends to monitor and assess the
environmentallecologicalconditions and ecosystedwater quality of the region for the target




species. Based on the monitoring and assessment, actions can be formulated and implemented to
improve and increase ecological functions and water quality in the bay-delta region.

Our project will provide critical information needed for improving ecosystem water quality.
This information will be presented in a manner that is easily comprehensible to scientists of
multiple disciplines, and to non-scientists who must make difficult decisions affecting land use
and restorationprojects. In addition, this project proposes to utilize the state-of-the-art
technologies in monitoring and assessing ecosystedwater quality. These technologies will
inevitably become a major part of monitoring and assessing the ecosystem quality on a timely
basis in the near future.

The specifictasks and expected results from this project can be grouped into following aspects:
(1) Develop remote sensing and Gls-based methods and procedures for monitoring and assessing
the ecosystedwater quality and ecologicalienvironmental conditions in the Bay-Delta region.
These methods and procedures may also be applicableto the other delta regions; (2) Map
important environmental/ecological conditions in the Bay-Delta region for evaluation and
description of their spatial variation and temporal dynamics. For the terrestrial domain, this will
generate images showing vegetation productivity, biomass, vegetation cover rate and density,
vegetation index, ground surface temperature, heat fluxes, soil moisture and evaporation rate,
etc. For the aquatic domain, images will show coastal sediment content, chlorophyll
concentration, water temperature, and evaporationrate; (3) Provide a comprehensive assessment
to the ecosystedwater quality and ecologicalienvironmental conditions for the target speciesin
the Bay-Deltaregion.




Table 1. Target species we will use to select priority monitoring sites for exposure and effects of toxic
contaminants in the study area. These species were listed in EEF, VVolume |, pages 178-179,

Species

Suisunthistle

soft bird's-beak

Mason's lilaeopsis

Delta button-celery
Californiatiger salamander
Native anuran amphibians
Western spadefoot toad
Californiared-legged frog

Giant garter snake

Western pond turtle
Swainson's hawk

Californiaclapper rail
Californiablack rail

Greater sandhill crane
Western yellow-billed cuckoo
Bank swallow

Suisun song sparrow

Westem least bittern

Least Bell's vireo

Littlw willow flycatcher

Salt marsh harvest mouse
San Pablo Californiavole
Suisun ornate shrew

Riparian brush rabbit

San Joaquin Valley woodrat
Valley elderbeny longhorn beetle

Priority level in CALFED ERP

Priority Group II species
Priority Group II species
Priority Group 1lspecies
Priority Group II species
Priority Group 111species
Priority Group 111species
Priority Group 111species
Priority Group III species
Priority Group III species
Priority Group IIT species
Priority Group If species
Priority Group II species
Priority Group 11 species
Priority Group 111species
,Priority Group III species
Priority Group III species
Priority Group II species
Priority Group III species
Priority Group III species
Priority Group III species
Priority Group II species
Priority Group IL species
Priority Group I species
Priority Group III species
Priority Group III species
Priority Group II species




Overall Description of the project

Monitoring and assessing the ecosystedwater quality in the San
Francisco/Sacramento-San Joaquin bay-delta-valley region using
remote sensing and GIS techniques

1. Objectives and background

San Francisco/Sacramento-San Joaquin Bay-Delta-valleyregion (hereafter Bay-Deltaregion or
“the region”, Fig. 1) has developed into one of the most populated areas, and extremely
important economic region, in the western coast of the United States (French 1999). Thisis
partially because the region posses its location convenience/advantages as well as abundant
natural resources especially the fertile land. However, intensive anthropogenic activities have
dramatically changed the natural environment and ecological conditions in the region (Carriquiry
and Sanchez 1999, Meyer and Turner 1992). Agricultural activities have contaminated the
Sacramento River, the San Joaquin River and the Delta with pesticides and nitrates (Zhang et al.
1999, 1998 and 1997, Geng et al. 1995). Soil erosion has been aggravated due to the various
human actions. Millions tons of waste water with suspended sediments and other toxic materials
from cities, towns and settlements are pouring into the bay, delta, and the rivers of the region.
Dust and waste gases are emitted into the air. All these forms of pollution are impacting the
environmental/ecological conditions of many important species, threatening the ecological
integrity and sustainability (Zeidler 1997, Williams 1990) of the region.

Therefore, assessing and monitoring environmental and ecological conditions of the whole Bay-
Delta region are very important in maintaining the sustainability of the region. From our
assessments and monitoring we can formulate policies, and implement conservation programs to
protect and restore habitats and ecosystems. We can work to improve the conditions for a better
environment, and to achieve sustainable development in the region (French 1999).

The environmental conditions and ecosystemiwater quality of the region can be measured and
assessed through several factors. In the coastal water, for example, water quality is generally
measured using sediment loading, chlorophyll and other nutrient contents, algae contents,
pollution content, aquatic plant and animal density, water reflectance, water temperature, surface
sensible heat flux, and surface evaporation. These variables also have an intimate relationship
with the animal and vegetation communities that make up the estuary ecosystem (French 1999),
thus, they also serve as important factors indicating the ecosystem quality of the Bay-Delta
region.

Conventionally, estuary environmental conditions and relevant ecosystem/water quality are
assessed and monitored through ground point measurement for the important variables. In
addition, spatial variation in assessment indicators is generally difficult to derive using point
sampling. For a vast area such as the Bay-Delta region, conventional assessment methods,
although direct, are costly and time-consuming (Phinn et al. 1999). The successful assessment
strongly depends on the number of sampling points, their location, and their spatial distribution.




Many measurements on specific points may not be sufficientto accurately characterize the whole
region. Remote sensing combined with GIS provides a new approach of remotely assessing and
monitoring temporal and spatial variations of the estuary environmentand ecosystem quality
(Phinn et al. 1999, Li et al. 1998, Donoghue et al. 1994). The spectral features of estuary
environments not only directly reflect its quality and/or conditions but also relate to its ecological
productivity, vegetation diversity and biomass density, surface moisture variation, and near-
surface energy exchange, that represent the status of its ecological integrity and sustainability.
Using multi-band remote sensing systemsmounted on satellites and airplanes, spectral features
of the whole estuary region can be simultaneously observed at a regular time basis. Based on the
spectral features retrieved from remote sensing data, we will develop many important
environmental indicators such as sediment content, vegetation index, soil moisture content, and
surface temperature. These indicators can be used to quantitatively assess and monitor
environmental quality andor conditions, ecological integrity, and sustainabilityin the San
Francisco/Sacramento-San Joaquin Bay-Delta region.

With the development of remote sensingtechnology, many digital images of the Bay-Delta
region have been acquired in the last 20 years. Several GIS databases, such as the AGIS
(Agricultural GIS) database at our Department have also been established. The AGIS database
contains a great volume of environmental and ecological data on the Bay-Delta region.

The primary objective of the proposed research is to develop a methodology for monitoring and
provide spatial overview for assessing the ecosystemiwater quality. The methodology will
enable us to use available remote sensing data and GIS databases to monitor environmental
conditionsand ecosystems/water quality in the Bay-Delta region for the target species (Table 1).
The spatial map overview of various parameters in ecosystemiwater quality will allow us to
understand the current distributionsand variations of each parameters considered in
ecosystemiwater quality and evaluate the system sustainability. We expect that the results can
provide a quick and novel methodology of utilizing remote sensing and GIS to monitor and
assess the ecosystedwater quality for the region, but also provide the information for regulation
and education.

In the recent years, remote sensing has been extensively applied in many geophysical studies.
However, using remote sensing to study estuarine environments and ecological dynamics
remains a neglected compared with other remote sensing applications (Cracknell 1999 and
1989). Current remote sensing studies of estuarine environment concentrate mainly on geological
and geomorphorologicaldynamics (Krishnan 1997, Dalrymple et al.1995), and coastal current
patterns (Frasier et al. 1998, Gallaudet and Simpson 1994). In California, there are few remote
sensing studies of estuarine ecosystems. Using the approach of combining remote sensing with
field sampling, Zhang et al. (1997), we developed methods for evaluatingthe conditions of salt
marsh ecosystems. Relationshipsbetween vegetation indices retrieved from Landsat TM data
and canopy biomass have been formulated and validated for the entrance of the Petaluma River
into San Pablo Bay (Zhang et al. 1997). In another study, we estimated canopy water content
using AVIRIS data, and developed a water content index for determining patterns of canopy
water content at different spatial extents (Sanderson et al. 1998). Phinn et al. (1999) studied
vegetation structural characteristicsin restored wetlands of southern Californiausing hand-held
and airborne remotely sensed data. Parameters such as stem length, density, and canopy




architectureof cordgrasshas been correlated to vegetation index values computed from their
data. In another study, Phinn et al. (1996) examined the wetland habitat restoration in southern
California using airborne multispectral video data. Deysher (1993) used SPOT image to map the
giant kelp along the Californiacoast. Other relevant studies in the region include Townshend and
Tucker (1984), Khorram (1981,1982) and Colwell (1979). Townshend and Tucker (1984)
demonstrated the applicability of AVHRR and MSS data to land cover mapping in the Imperial
Valley. Khorram (1981 and 1982) used MSS and U-2 aerial photographto assess turbidity and
suspended solids as well as salinity within the San Francisco Bay-Delta.

It seems that the recent studies on the remote sensing of estuarine environmentand ecological
conditions are not very active in the San Francisco/Sacramento-San Joaquin Bay-Delta region.
The existing studies are oriented to the use of visible and NIR channels for sedimentand biomass
assessments. Thermal satellite imagery data has not yet been applied to assess thermal properties
of estuarine environments, nor has it been used to assess or monitor ecosystedwater quality of
the region. Furthermore, mutual relations among the sediments, suspended solids, biomass,
thermal properties, and other important factors in the estuarine ecosystemshave not been
systematicallyinvestigated in the Bay-Delta region.

Ecologically and environmentally, the Bay-Delta region is an integrated estuarine system. Our
research will develop and validate various methods and procedures to extract useful information
for assessing environmental conditions and ecological integrity of estuarine ecosystems. Based
on the spectral features from remote sensing and ground truth data extracted from available GIS
databases, we will systematically investigate the mutual relationships among retrieved spectral
features and the important environmental conditions of the whole Bay-Deltaregion. We will
therefore be combining indices of vegetation surface temperature, and other retrieved data to
determine such important environmental conditions as erosion intensity, evapotranspiration, and
hydrological properties.

Our research will provide critical information needed for improving ecosystedwater quality.
This informationwill be presented in a manner that is easily comprehensibleto scientists of
multiple disciplines, and to non-scientists who must make difficult decisions affecting land use
and restoration projects.

2. Approaches

In order to achieve the objectives of monitoring and assessing ecosystedwater quality from
remote sensing data in the Bay-Delta region, our research will adopt the following general
approaches and specificanalysis methods:

2.1 General approaches of the proposed research

(1) Identify and extract the required spectral features from remote sensing data;

(2) Derive ground truth data from available GIS databases;

(3) Combine spectral featureswith ground truth data to establish relationships between the
extracted features and the important environmental indicators of the estuarine ecosystems in
the region;

(4) Apply these relationships, after testing their applicability to the region, to estimate the spatial
variation of important environmental indicators from the available remote sensing data.




The essential spectral features required to extract in the research are as follows:

(1) Sediment index for estimating sediment content and assessing estuary water quality in the
region;

(2) Vegetationindex directly relating chlorophyll content/ water quality and vegetation status in
the region;

(3) Surfacetemperature index of the thermal properties of region.

Based on these spectral features, the following important conditions in the region can be

estimated according to their direct relations or indirect correlation. (1) biomass, vegetation cover

rate, biomass density, and vegetation productivity in each watersheds in the region; (2)

chlorophyll content and relevant nutrients in the bay water; (3) sediment content and pollutant

contents in the bay water; (@)erosion intensity of the region; (5) surface moisture and related

hydrological parameters; (6)heat fluxes, evaporation, and other related thermal parameters. Our

research will develop the methods and procedures for determining these environmental

conditions from remote sensing, as well as for validating these relationships and correlationin

the Bay-Deltaregion.

2.2 Remote sensing analysis for retrieving spectral features

Remote sensing data used in the research includes various satellite images (mainly Landsat TM,
NOAA-AVHRR and MODIS) and aerial photographs such as AVIRIS. Since the acquisition of
remote sensing data unavoidably involves the effects of atmospheric and geographic distortion,
radiometric and geometric corrections have performed before spectral feature extraction (Thome
etal. 1997, Gao et al. 1993, Weinreb et al. 1990). Since the approaches for radiometric and
geometric corrections are very basic in remote sensing image processing, we don't want to
discuss them in detail. Instead, the emphasisin the following section is given to the important
methods used for spectral feature extraction.

2.2.1. Method for assessing water quality in remote sensing

A spectral index will be developedto indicate water quality in the region. High quality or pure
water has very low spectral reflectance. It only reflects some blue light and almost absorbs the
radiance in green, red and near infrared regions. As impurities (mainly sediments) are added to a
water body, its spectral properties change (Anji Reddy 1993, Gao and O'Leary 1997).In remote
sensing, pure water acts as a "dark" object with low digital number (DN) in visible spectrum. As
sediment content increases, the brightness of water in the visible spectrum increases. Therefore,
using the color of estuarinewater in visible channels of remote sensing data, we can develop an
index to retrieve the spectral signal relating to sediment content in the water. After calibrating
with the pure water body nearby and combining results with available GIS databases, water
sediment content can be estimated.

2.2.2 Method for assessing chlorophyll content and vegetation status in the region
Chlorophyllin living vegetation absorbs red light, showinga high reflectance in the NIR
spectrum. This spectral characteristic has been extensively used to develop vegetation indices for
remote sensing of vegetation (Ustin et al. 1993).

Usually a vegetation index is formed from combinationsof several spectral values that are
added, divided or multiplied in a manner designed to yield a single value that indicatesthe




amount of vegetation within apixel scale (Campbell 1996). To this date, at least 40 vegetation
indiceshave been developed. The simplest is the ratio between the R and R bands i.e. IR/E,
where R refers to red light and JR infrared. The most widely used vegetation indices probably is
the normalized difference vegetation index (NDVTI):

NDVIS(IR-RW(IR+R)

For Landsat TM, IR and R are TM3 (630-690nm) and TM4 (760-900nm) respectively. For
NOAA-AVHRR, IR and R are channel 2 and 1in 725-1100nm and 580-680nm regions.

After a vegetation index is computed, we will correlate it to ground truth data and the available
GIS databasesto determine the biological properties of the plants in the region. Several empirical
relationships between vegetation index values and biomass and vegetation water content have
been used for agricultural crops (Campbell 1996; Zhang et al. (1997). We also developed several
methods for determiningrelationships for Landsat TM in the estuarine ecosystem of Petaluma
River entrance into San Pablo Bay, California. Phinn et al. (1999) studied the relationships for
hand-held and airborne remotely sensed data in restored wetlands of south California. The
relationships in the Bay-Deltaregion, and for other remote sensing data such as AVHRR and
MODIS, have not yet been reported. We will study the relationships for the availableremote
sensing data, and test them in the several different estuarine ecosystems of our region.

Based on vegetation index, the following important indicatorswill be derived in this research.
(1). Chlorophyll content in the bay water as is directly related to thie vegetation index of the
water body. (2)Vegetation cover rate in pixel scale can be computed as VCR=(VI-VIs)/(VIv-
VIs), inwhich VIs and VIv are vegetation index value for bare soil and a full vegetation cover.
(3) Biomass of the region directly correlatesto the value of vegetation index. (4) Biomass
density relates to biomass and the pixel size. (5) Vegetation productivity relates to the value
changes of vegetation index in the growing period.

2.2.3 Method for ground surface temperature retrieval from NOAA-AVHRR data
Temperature is an important environmental indicator relating to the ecosystedwater quality in
the region. The retrieval of surface temperature from NOAA-AVHRR data is achieved mainly
through the application of split window algorithm [Qin and Karnieli 1999, Vogt 1996]. If 74 and
Ts are respectively the brightness temperatures in channels 4 and 5 of AVHRR data, which are
given by inverting Planck's equation for the radiation received by the sensor, the general form of
splitwindow equation can be expressed as

T=Ty+A(Ts—Ts)-B
where 7 represents land surface temperature, A and B are the coefficients affected by the
atmospherictransmittance and surface emissivity in channel 4 and 5 of NOAA-AVHRR.

Splitwindow technique was firstly developed for estimation of sea surface temperature (SST)
from AVHRR data (Prabhakara et al. 1974;McMillion 1975; Deschamps and Phulpin 1980;
McClain et al. 1984; Barton 1992).Price (1984) is one of the pioneers applying split window
technique to land surface temperature (LST) retrieval. Considering the mixed surface
composition in the region, the LST algorithm s better than the SST one for estimating the
thermal properties of the estuarine ecosystems.
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Severalmodificationsto the method of Price (1984) have been published since mid-1980s. The
existing methods can be grouped into two categories. Category 1 are those that require not only
the transmittance and emissivity but also one or two other parameters, which are usually difficult
to estimate in most cases due to the lack of in situ atmospheric profiles. Such methods include
Coll and Caselles (1994), Sobrinoet al. (1991), Franca and Cracknell (1994), Prata (1993), etc.
Category 2 are those that assume the effect of transmittance as constant, that is not true in the
real world, and only emphasizethe effect of emissivity on LST retrieval, such as Price (1984)
and Becker and Li (1990) etc. A better split window algorithm that requires only the two
essential parameters has been proposed in Qin et a/. (inpress a). The algorithm has the form as
follows:

T=Adg+d | Ty-A2Ts
where the coefficients 4y, 4, and 4 are defined as

Av=Eras-Eras-Ex(as-as) Ar=1+AHE-Es)by =‘f"— EE'E!.H?:-

Ey=DsD-DaDs E|=I}5[_'|.-'I:1':I.-"E|:| Es= DL( - “:I 'Eq,

Ey=DaDsEy Cemd) DAL= {8N[1+(1-g); [FJ(%
The constantsare given as a4=-65.51625, as=-70.003, 5,=0.44184 and bs=0.47571 (Qin et al. in
press a).

Due to lack of in situ atmospheric profile observation, we will mainly base on the algorithm of
Qinetal. (inpress a) in the proposed research to develop a proper procedure for retrieving the
thermal properties of the estuarine environmentsin the bay-delta region from AVHRR data. This
includes (1) to estimate the coefficients of the algorithm for the estuarine in our study region and
(2) to relate the retrieved thermal features from AVHRR data with other environmental
conditionsin the region.

2.2.4 Method for ground surface temperature retrieval from Landsat TM data
The Landsat Thematic Mapper (TM) has a thermal band (channel 6) operating in the wavelength
range of 10.45-12.50um with anominal ground resolution of 120x120m. This spatial resolution
is high enough for analyzing the detailed spatial patterns of thermal variation in the estuarine
environments. Based on the thermal radiance transfer equation, Qin et al. (in press b) developed
a mono-window algorithm for retrieving LST from Landsat TM thermal data. The algorithm has
the following form:

T=[as(1-CaDg)H{bal1-Ce-Dg)+CotDe) Ta-De T 1 Cg (18)
Where Cy=ests, Dg={1-t5)[1+(1-E5)5], a5 and b are constants given as az=-67.37104 and
be=0.45866, T, is effective mean atmospheric temperature, which can be estimated from surface
air temperature [Qin et al., in press b]. In the proposed research, we will base on this algorithm to
develop a proper procedure for retrieving thermal properties from Landsat TM data.

2.3 Ground truth data

The retrieved spectral features from remote sensing data have to be connected to the real
environmental/ecological factorsin the region. This implied that the relationship between the
retrieved spectral features and the ground truth data have to be determined and validated.

One alternativeto our research is to collect new field data. However, this would be very costly

and time-consuming. Actually, most of the required ground truth data are available in the GIS
databases of our Department and multiple government agencies. The University California at
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Davis, for example, has a meteorological database storing detailed meteorological observation
data of about 350 stations in Californiaand many USGS gagging stations. The AGIS laboratory
of the Department led by the applicant Dr. Zhang already establishes several GIS databases of
the region. These available databases together with scientific literature and government reports
can provide almost the required ground truth data for the research. Specially, about 20-30 sites
representing various patterns of ecosystems in the bay-deltaregionwill be given intensive
examinationin the research. Information about the environmental conditions, vegetation status,
thermal properties and surface spectrum of the sites will be collected at the sites during the
project period.

2.4 Correlate the retrieved spectral featuresto ground truth data

The ground truth data will be used to correlate with the retrieved spectral features from remote
sensing data as well as to validate the applicability of the established correlation for monitoring
and assessing the ecosystedwater quality in the region.

Methods used in the correlationincludeboth empirical techniques and simulationmodeling. The
empirical way is to correlate the retrieved spectral features (one or more) to the ground truth data
to form their regression equations. When the equation has a significant correlation statistically, it
can be used for the estimation. The amount of vegetation productivity is an important
environmental parameter relating to carbon cycling and photosynthesis process of ecosystem.
Several empirical methods for determining primary productivity from remote sensing data have
been reviewed in Dedier (1996). Simulation modeling is to use the interrelated relations among
many variables in the ecosystem to estimate the unknowns through the system's model (Yang
and Sykes 1999). The well-known model is surface energy model for sensible heat flux,
evaporation and other thermal property estimation (Caselles et al. 1998, Kaneko 1996, Norman
et al. 1994, Seguin 1994, Choudhury 1989). Other models include watershed hydrological model
for estimating the hydrological process and parameters, water-energy-carbonmodel for

estimating photosynthesis and biogeochemistry processes of ecosystem (Olioso 1995, Sellerset
al. 1994).

Both the two methods (correlation and modeling) will be used in the research. Though several
equations have been proposed for specific cases (Zhang et al. 1997, Phinn et al. 1999), their
coefficients and parameters need to be determined in the research accordingto the situations in
the bay-delta region.

3. Expected results or benefits

Our proposed research would contribute to the goals and objectives of the CALFED Ecosystem
Restoration Project and Program, described in chapter 1. Several academic innovations will be
resulted from the proposed research. The expected results and benefits of the research can be
summarized as follows:

(1) Developed methodologies and procedures based on remote sensing and GIS for timely
monitoring and assessing the ecological/environmental conditions, water quality, vegetation
status, thermal properties and surface parameters that indicate the integrity and sustainability of
the estuarine ecosystemsin the bay-delta region. These methods and procedures may also be
applicable to other regions in the States.




Environmental and ecologicalissues of estuarine have been studies from conventional
approachesbased on ground point measurements (Harrop and Nixon 1999, Mathieson and
Nienhuis 1991). The development of remote sensing and GIS techniques makes it great potential
in estuary and coastal studies (Cracknell 1999 and 1989). However, the study of estuarine
environmental conditions and ecological integrity from remote sensing still remains as a
neglected area compared with the extensive application of remote sensingto other areas.
According to publications of the 28" Estuarine and Coastal Sciences Association Symposium,
the remote sensing of coast and estuaries focused on water bathymetry, coastal and sub-water
landscape process, water current patterns (McManus et al. 1999, Sandidge and Holyer 1998).
The estuarine environmental and ecological issues in the bay-delta region and the Pacific Coast
of the States have not been extensively studied from remote sensing. Studies of estuarine
ecosystedwater quality from remote sensing and GIS still have not been reported in the region.
And the proposed research intends to give an effort on this aspect.

(2) Developed algorithmsand procedures of specificbiological/ecological features and light
responses for retrieving important environmental features from remote sensing data. The
algorithms mainly including those for coastal water color mapping, algorithms for vegetation
signal retrieval and algorithms for ground surface temperature and thermal featuresretrieval, and
procedures combined with vegetation signal and ground temperature for vegetation status
estimation.

Retrieval of spectral features from remote sensing data for environmental studies has been
extensively investigated in many landscapes and geographic regions. In estuarine, some studies
also have been conducted for spectral featuresretrieval from remote sensing data (Braga et al.
1993, Zhang et al. 1997, Phinn et al. 1999 and 1996). Difference procedures and algorithms are
developed and validate for different surface conditions. Systematic development of the
algorithms and procedures for the whole estuarine aquatic and terrestrial domains as an
interrelated ecosystem in the bay-delta region of California has not been reported. In the
proposed research, we will systematically develop the algorithms and procedures for retrieving
the required spectral features from available remote sensing data and validate these algorithms
and procedures using the field sampling data taken from various ecosystem patternsin the
region. The concentrationin this aspect is to estimate the proper coefficients suitable for the
estuarine conditions of the region.

Another important focus is to establish the relationship between the spectral features and the
ground truth data for estimating the important environmental/ecological conditions in the region
in terms of viewing the whole bay-deltaregion as an integrated ecosystem, using statistical
correlation method and/or simulationmodeling. In the existing studies, only some of the
relationships about vegetation status have not been reported while leaving many such as thermal
properties unknown.

(3) Monitoring and assessing the ecosystedwater quality of the region. In the research we
intend to generate a number of maps and images showing vegetation productivity, biomass,
vegetation cover rate and density, vegetation index, ground surface temperature, heat fluxes, soil
moisture and evaporationrate, coastal sediment content, chlorophyll concentration, water
temperature and evaporation rate. Based on these maps and images, a comprehensive assessment
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will be given to the ecosystedwater quality of the bay-delta region for the target species.
Activities can be formulated to fulfill the goals of CALFED Ecosystem Restoration Program.

As mentioned above, remote sensing observing the ground from space with frequent temporal
coverage provides the spatial spectralinformation about the ground. Monitoring and assessing
the environmentalfecologicalconditions from remote sensing data overcomesthe shortages of
the conventional method based on point measurement. Except the spatial instantaneously
investigation, it can provide serial change of the environmental/ecological conditions at various
seasons of the year, even monthly, weekly or days. Such time series monitoring enables the study
of estuarine environmental dynamics for effective restoration activitiesto improve and increase

ecosystedwater quality of the region, which is the general goal of the CALFED Ecosystem
Restoration Program.

4. Work plan and time table

The proposed research will be completed in three years. Details of work plan for each year are
described as follows:

In 2001, the first half will be used to prepare the required conditions for the research, including
(1) Design the detailed work steps, research framework and approaches. (2) Organize the
research team and organize field tours to various ecosystem patterns of the region. (3) Collectthe
available data and relevant reports from various sources and agencies.

The second half of 2001 will be used to (1) Set up the intensive study sites and start the collect
information about the environmentalfecologicalconditions of the sites. (2) Obtain the remote
sensing data. (3) Develop procedures and standards for processing remote sensing data. (4)

Conduct remote sensing data processing. We expect to produce two reportsiarticlesby the end
of the first year.

In 2002, the main work will be (1) to obtain/derived the ground truth data from physical
sampling sites and/or from available GIS databases. (2) to obtain the required remote sensing
images. (3) to process the available remote sensing data. (4) to analyze the relationship between
ground truth data and the spectral features retrieved from remote sensing data. We expect to
produce three research reportsiarticles by the end of second year.

In 2003, the first half year will be used to continue the main research work in previous years,
including GIS database and remote sensing analysis. However, the focus will be given to the
developmentand validation of methods and procedures used to assess and monitor the
environmentalfecologicalconditions and ecosystedwater quality of the bay-delta region.
Specifically, the relationships between the spectral features from remote sensing data and the
important environmentalfecological conditions will be established during the period, using the
ground truth data in the last two years. This also includes the validation of the proposed methods
and procedures. Then, the methods and the procedures will be used to generate the images/maps
indicating the spatial variation of several important environmentalfecological conditions, resulted
from processing the available remote sensing data on the basis of the ground truth measurements.
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The second half year will be used to prepare the final report of the research. The report will
include the results of the research and suggestions of the outreach and result dissemination to the
agencies and the public. We expect to exchange the informationwith relevant scientists from
CALFED agencies and other institutions and expect to improve the report and re-check the
results by receiving the feedback from peers. We also expect to present the final results to the
consortium of CALFED Ecosystem Restoration Program and other outreach organizations. We
plan to provide seminarsto the public about the research results and would like to publish the
results in scientificjournals.

5. Applicant Qualifications

Dr. Minghua Zhang will lead the proposed project. Dr. Zhang earned her Ph.D. in ecology from
University of Californiaat Davis in 1993. Currently she leads the Agricultural Geographical
Information System (AGIS) laboratory in the Department of Land, Alr, and Water Resources,
University of Californiaat Davis. Her research experiences and teaching interests includes
remote sensing applicationto hydrology and agriculture, geographic information system (GIS)
database development, spatial analysis of watershed hydrology using GIS and remote sensing,
environmental analysis with GIS, wetland ecology. She has published 22 professional papers, 13
of which were peer-reviewed. She has the experiences in leading successful projects. Currently
she holds the membership of the ecology and hydrology graduate programs at UC Davis and
supervises seven students, postdoctoral researchers and post graduate researchers in AGIS lab.
She teaches the coursetitled “Environmental Risk Analysis Using GIS™ at UC Davis. Currently,
AGIS developed a spatial database to query and retrieve pesticide use report records on any built
in fields. This database can facilitate the spatial modeling developmentin environmental risk
assessment. She also works as a GIS specialistin the function of Environmental Fate and Risk
Assessment at Zeneca Ag Products, which is a leading agrochemical company. Her work
responsibility at Zeneca Ag Products included technical consultations on pesticide surface water
runoff and groundwater leaching and research of product stewardship for Zeneca products. One
of her students is working on developing a spatial model for predicting pesticide residue in
surface water systems at a watershed level and understanding the scaling effects on pesticide
surface water runoffs.

As project leader, Dr. Zhang has the full responsibility of the research. She will report the
accomplishment of the research, respond to any questions from the contacts and submit the final
results to the consortium of CALFED Bay-Delta Program.

Dr. Zhihao Qin will be the principle researcher for this project. Dr. Qin earned his Ph.D. in
remote sensing and GIS from Ben Gurion University, Israel in 1999. He was the associate
research professor of the Chinese Academy of Agricultural Sciences, China. He has solid
research experiencesin remote sensing application, agricultural development and natural
resource assessments. His tasks in the research include (1) Conduct GIS analysisand extract the
required ground truth data from the available databases. (2) Develop methods and procedures for
remote sensing image processing to retrieve the required spectral features. (3) Study the
relationship between these spectral features and the key environmental/ecological conditions in
the bay-delta region. (4) Combine remote sensing data with GIS methods to monitor and assess
the ecosystedwater quality in the region. (5) Prepare reports/articles from the research results
disseminationand outreach.




Dr. Eliska Rejmankova is a professor in wetland ecology, Department of Environmental
Science and Policy, University of California, Davis. She obtained his Ph.D. in botany in 1981
from Czechoslovak Academy of Sciences, CA 95616. Her currentresearch interests are in
wetland ecology and environmental issues, life history strategies of wetland plants, water quality
improvement of agricultural and urban runoff, conservation ecology, ecotoxicology, systems and
landscape ecology. She teaches three courses in wetland ecology for both graduate and
undergraduate students at the university. She has published a number of articles on wetland
ecology and botany. Her responsibility in the project is to provide the technical advice and inputs
to the project design and data analysis from the viewpoints of wetland ecosystem and
environmental/ecological issues.

Dr. Shu Geng is a professor at the Department of Agronomy and Range Science, University of
California, Davis. His research interests include agricultural systems, modeling and simulation of
environmental impacts on agricultural production and food systems, productivity and risk
assessment, quantitative methodologies and bioinformatics. Dr. Shu Geng teaches biostatistics
and computer courses for both undergraduate and graduate levels. He has wide range of
international and national collaboration experience and he leads successful research projects.

His responsibility in this project is to provide technical advice in designing the project and
selecting the appropriate quantitative methodologies for the assessment.

6. Technical feasibility

The Department of Land, Air and Water Resources has excellent facilities supporting the GIS
and remote sensing analysis required by the research. It operates an extensive cluster of modem
computer workstations including a 4-processor SGI Origin 200, 5 Digital Alphas, 2 SGI Iris's, a
Sun Sparcstations and 3 VaxStations. These systems are fully networked and supported by
100GB fixed disks as well as magneto-optical and writeable CDROM disks and 8 mm tape
drives. This system is linked with over 30 personal computers and various postscript printer
devices. In addition the system is connected to a HP desktop scanner (ScanJet 4C), a Kodak DC
210 Digital Camera and a 33.3 kbps fax/modem. The system also has a Snappy frame grabber
which is connected to a Sony VHS video recorder to gather video input. Also available is an
&mm Sony camera/VCR, Panasonic color TV/monitor, Sony VHS VCR and recently purchased
Epson Video Projector.

The programs available in the computer systems of the Department includes geographic
information system package (ARC/INFO, ArcView and GRASS), remote sensing image
processing package (ENVI, IPW, PCI, Khoros), mathematical software (IDL, Mathematica,
MATLAB, SAS, Statistica) and atmospheric profile modeling software (LOWTRAN and
MODTRAN). These programs provide the analysistools for the proposed research.

The AGIS laboratory (led by the project leader Dr. Zhang) and the Department have
accumulated a number of satellite images and several GIS databases of the bay-delta region,
including Landsat TM, NOAA-AVHRE archive and airborne AVIRIS photographs. A number
of digital maps such as soil map, drainage system, vegetation maps are available in the
Department. We also have many basic hydrological, ecological and environmental data about the
region. These data can be used for the research.
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The University of Californiahas a weather database storing both current and historical daily
weather data for approximately 350 weather stations throughout California. The database
contains the very detailed data for a number of meteorological variables such as air temperature,
humidity, wind speed and direction, solar radiation, soil temperature, pan evaporation and so on.
We can access the database and download the necessary data for the research.

Our study methods would not conflict with any CEQA, NEPA, or other environmental
compliance documents. We anticipate using existing data and in not manipulating the
environment in any way during the course of the study. However, we will conduct some
additional searches for certain target species, and in so doing, we will obtain and use all the

survey protocols supplied by the California Department of Fish and Game and 1J.5. Fish and
Wildlife Service.

Our team has the expertise in remote sensing, GIS analysis, wetland and estuary environment
and ecosystem, water quality, quantitative methodologies and risk assessment. The research
team includes the collaborators from UC Davis and state agencies such as the California
Department of Pesticide Regulation and California Department of Food and Agriculture. We
have an excellent collaborative research team to assure in carrying out a successful project.
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Sublask 1a) 261 $4,440 §44 - seas
Sultask 1b] sz2|  §A.898| %1688 B $10,500 -
Sublask 1¢ 1568 seeE@3| $amd0 | __#em
i &0
Managemant 208
Total Cost Year 2; 2002 $53.387 50,942 0 $0 $0 50 $4.400( 32,510  S67.720
Jan-Dec  |Task 1 1886)  §20572]  $5.340) $4,468|  $6.910(  $3BA00|
Tash 2 1566)  $PRSTZ|  §2.128] 51,000 gsovon
[ |Projest
Management 206 0
Tole! Cost Year 3: 2003 367,144 $2R 467 £1,000 0 $0 &0 £4,4E8 $3,910 589,100
Total Project Cost §183, 365 £4E,342 53,00 80 * 5D £63,.000 $13,203 §67.227| 3314800




1.

Environmental Compliance Checklist

All gpplicants must ll out this Environmental Compliance Checklist. Applications must containanswers to the
following questions to be responsiive and to be considered for funding Failure to answer these guestions and

include them with the aoolication will result in the applicatior being considered nonresnonsiveand not
considered for funding.

Do any of the actions included in the proposal require compliance with either the California Environmental Quality Act
(CEQA), the National Environmental Policy Act (NEPA), or both?

- X
YES NO

If yon answered yes to # 1, identify the lead governmental agency for CEQANEPA compliance.

Lead Age.r'u:y

If yon answered no to # 1, explain why CEQ A/NEPA compliance is not required for the actions in the proposal.

This research proposes to utilize technologies of remote sensing and GIS to
monitor and assess the ecosystem/water quality. The results of the research
will facilitate the implementation of CEPA and NEPA. However, the research
will not require compliance with the two laws.

If CEQANEPA compliance is required, describe how the project will comply with either or both of these laws.
Describe where the project is in the compliance process and the expacted date of completion.

Will the applicant require access across public or private property that the applicant does not own to accomplish the
activities in the proposal?

YES NO

If yes, the applicant must attach written permission for access from the relevant property owner(s). Failure to include
written permission for access may result in disqualification of the proposal during the review process. Research and

monitoring field projects for which specific field locations have not been identified will be required to provide access
needs and permission for access with 30 days of notification of approval.




6. Please indicate what permits or other approvals may he required for the actinties contained in your proposal. Check
all boxes that apply.

Conditional use permit

Variance

Subdivision Map Act approval

Grading permit

General plan amendment

Specificplan approval

Rezne

Williamson Act Contract
cancellation

Other

(please specify)
None required

ETATE

CESA Compliance
Streambed alteration permit
CWA $401 certification
Coastal development permit

Reclamation Board approval
Notification
Other

(please specify)
None required

FEDERAL
ESA Consultation
Rivers & Harbors Act permit
CWA $404 permit
Other
(please specify)
None required

DPC = Delta Protection Commission
CWA = Clean Water Act

CESA = Califbmia Endangered Species Act
USFWS = U.S. Fish and Wildli# Service
ACOE = U.S. Army Corps of Engineers

(CDFG)
(CDFG)

RWQCB)
(Coastal Commission/BCDC)

@PC, BCDC)

(USFWS)
(ACOE)
(ACOE)

ESA = Endangered Species Act

CDFG = CalifomiaDepartment of Fish and Game
RWQCB = Regional Water Quality Control Board
BCDC= Bay Conservation and Development Comm




Land Use Checklist

All applicants must fill out this Land Use Checklist for their proposal. Applications must contain answers to the
followingquestions to be responsive and to be considered for funding Eailure to answer these questions and

include them with the application Will resultin the application being considered nonresponsive and not
considered for funding.

Do the actions in the proposal involve physical changes to theland(i.e. grading, planting vegetation, or breeching levees)
or restrictions in land use (i.e. conservation easement or placement of land in a mldlife refuge)?

X

YES NO

If NO to # 1, explain what type of actions are involved in the proposal (-e, research only, planning only).

Research only.

ITYES to # 1,what is the proposed land use change or restriction under the proposal?

If YES to# 1, isthe land currently under a Williamson Act contract?

YES NO
ITYES to # 1, answer the following:
Current land use

Current zoning
Current general plan designation

— —

If YES to #41,is the land classified as Prime Farmland, Farmland of Statewide Importance or Unique Farmiand on the
Department of Conservation Important Farmland Maps?

YES NO DON’T KNOW

If YES to # 1, how many acres of land will be subject to physical change or land use restrictions under the proposal?

— | —

If YES to# 1, isthe properly currently being commercially farmed or grazd?

YES NO

If YES to #8, what are the number of employees/acre
the total number of employees




10.

12.

14.

15.

16.

{
Will the applicant acquire any interest in land under the proposal (fee title or a conservation easement)?

YES NO

What entity/organiztion will hold theinterert?

If YES to # 10, answer the following:

Total number of acres to be acquired under proposal
Number of acres to be acquired in fee
Number of acres to be subject to conservation easement

For all proposals involving physical changes to the land or restriction in land use, describe what entity or organization
will:

manage the property

provide operations and maintenance services

conduct monitoring

For land acquisitions (fee title or easements), will existing water rights also be acquired?

_ X
YES NO

Does the applicant propose any modifications to the water right or change in the delivery of the water?

— X
YES NO

If YES to# 15, describe




UNIVERSITY OF CALIFORNIA, DAVIS !

BERKELEY * DAVIS = IRYINE «1LO5 ANGELES «RIVERSIDE «SAN DIECO «SAN FRANCISCO

ks
smdowdy@ucdavis.edu 410 Mrak Hall,

OFFICE OF THE VICE CHANCELLORFOR RESEARCH DAVIS, CALIFORNIA 95616-8671
(530) 752-2075

FAX: (530) 752-5432

CALFED Bay-Delta Program Office
1416 Ninth Street, Suite 1155
Sacramento, CA 95814

Dear Colleague:

2001 Proposal Solicitation
Proposal Entitled "Monitoring and assessing the ecosystem/water quality in the San Francisco/
Sacramento-San Joaquin bay-delta-valley region using remote sensing and GIS techniques”
Principal Investigator: Minghua Zhang

Itis a pleasure to presentfor your consideration the referenced proposal.

Following the direction of "Attachment D -Terms and Conditions for State Proposition 204 Funds", this
is to provide notification that the applicant takes exceptionto the following proposed "standard" clauses:

Section 6. Substitution

Section 9. Rightsin Data

Section 11. Indemnification,and

Standard Clauses-Insurance Requirements- DWR

In order to bring the above provisions into conformity with the University of California Policy, we reserve the
right to discuss with the aim of properly modifying these sections, should this proposal result in a
subsequent award.

Please contact the principal investigator for scientific information. Administrative questions may be directed
to my assistant, Ms. Petrina Ho, or me by telephone, facsimile or electronic mail at the numbers cited
above. Furthermore, correspondence pertaining to this proposal and any subsequent award should be sent
to the Office of Research and to the principal investigator.

Sincerely,

Sandra M, F.'I|::u'..'.'_:;|-',.'}Iil .
Contracts & Granis Anahyst -

Enclosures
Cc: M. Zhang



mailto:smdowdy@uedavis.edu

NONGISCRIMINATION COMPLIANCE STATEMENT

ET0. 19 REV. 335

- e
CORPANT HAME

The company named above (herinafter referred to as "prospective contractor") hereby certifies, unlass
specifically exempted, compliance with Government Code Section 12990 (a-f) and California Code of
Regulations, Title 2, Division 4, Chapter 5 I matters relating to reporting requirements and the

development, implementation and maintenance of a Nondiscrimination Program. Prospective contractor
agrees not to unlawfully discriminate, harass or allow harassment againstany employee or applicant for
employment because of sex, race, color, ancestry, religious creed, national origin, physical dissbility

(including HIV and AIDS), medical.condition (cancer), age (over 40), marital status, denial of family
care leave and denial of pregnancy disability leave.

CERTIFICATION

— — L ——

1, the official named below, hereby swear that | am duly authorized to legally bind the prospective
contractor to the above described certification. | am fully aware that this certification, executed on the

date and in the county below, B made under penalty of perjury under the laws of the State of
California.

—

THE REGENTS OF THE UNIVERSITY o
OF CALIFORNIA

W =D a ol w11 i }’E’.‘-'Z,{:;

BETWE SOMTRACTORES BGHATURE ‘__:J

PRSSAECTIVE CONTRACTOR S TITLE ’

Sandra M. Dowdy
L Cootracts and Grants Anabe

PRAJSPECTIVE DONTRACTON & LEGAL BLSREDD MAME

==




1.5, Department of the Interior

Certifications Regarding Debarment, Suspension and
Other Responsibility Matiers, Drog-Free Workplace
Reguirements and Lobbying

Persons signing this form should refer to the regulations
referenced belowfor complete instructions:

Certification Regarding Debarment, Suspension, and Other
Responsibility Matters = Primary Covered Transactions - The
prospecie prirmary participant further agrees by submitting
this proposal that it will include the clause titled,
"Cerfificaion Reganding Debarment, Suspension, Ineligibility
and Volunary Bsdusion -Lower Tier Covered Transaction,"
provided by the department or agency entering into this
.oovered ransaction, without modification, inall lower tier
covered transactions and in all solicitations for lower tier
covered fransactions. See belowforlanguageto be used; use
this form for certification and sign; or use Department of the
Irtefir Form 1954 (DI-1954). (See Appendix A of Subpart D of
43 CFR Part 12.)

Ceffiesfion Regarding Debarment, Suspension, Ineligibility and
Voluntary Exclusion - Lower Tier Covered Transactions - {Ses
Appendix B of Subpart D of 43 CFR Part 12))

Certification Regarding Drug-FreeWorkplace Requirements -
Aremete |. (Grantees Other Than Individuals) and Alternate {|.
(Grrtees Who are Individuals)- {See Appendix C of Subpart p
of 43 CFR Part 12)

Sgnefire on this form provides for compliance with certification
muEments under 43 CFR Parts 12 and 18. The certifications
shdl be treated as a material representation of fact uponwhich
reliance Wl be placed wiien the Department of the Interior
deferminess i award the covered transaction, grant, cooperative
agreement or loan.

PARTA
Primarv Covered Transactions

Certification Regarding Debarment, Suspension, and Other Responsibility Matters -

CHECK _

IFTHIE CERTIFICATION IS FORA PNMARY COVERED TRANSACTION AND IS APPLICABLE.

(1) The prospective primary participant certifies to the best of its knowledge and belief, that it and its principals:

)

Are et presently debamed, suspended, proposed for debarment, declared ineligible, or voluntarily excludedfrom covered

Han e nof witin afhreeyear parind preceding this proposalbeen convicted of or had a civiljudgment rendered against them
forcormimission of fraud or a criminal offense in connection with obtaining, attempting to obtain, or performing a public
(Feder, State orboca)) ransaction or contract under a public transaction; violation of Federal or State-antitrust statutes or
comeresscn of embesernent, theft, forgery, bribery, falsification or destruction of records, making false statements, or

A ot presenty’ indicled foror aiferwise criminally or civilly charged by a governmental entity (Federal, State or local) with
commission of any of the offenses enumerated in paragraph (1)(b) of this certification; and -

@
transactions by any Federal departmentor agency;
(b)
receiving stolen property; -
©
{d

Havenat witin athreeyear period preceding this applicationlproposalhad one or more public transactions (Federal, State
or local) terminated for cause or default.

Wi e prospectv & primary participantis unable to certify to any of the statements in this certification. such prospective
participant shall attach an explanationto this proposal.

PARTB:

Certification Regarding Debarment, Suspension, Ineligibility and Voluntary Exclusion -
Lower Tier Covered Transactions

CHECK __ IFTH!S CERTIFICATIONIS FORA LOWR TIER COVERED TRANSACTION AND IS APPLICABLE.

1) Trepoepectelower S poadicioant Gistiies, by submission of this proposal, that neither it nor its principals is presently debarred,
sEperdexd, proposed for debarment, declared ineligible, or voluntarily excluded from participationin this transaction by any
Federal department or agency.

(2) Wherthe prospective lower tier participant is unable to certify to any of the statements in this certification, such prospective
participant shall attach an explanationto this proposal.

D1-2010

March 1995

(This form consolidates DI-1953. DI-1954,
DI-1955. DI-1956 and 0i-1963)




";JHLETE: Certification Regarding Drug-Free Workplace Requirements

CHECK __ IF THis CERTIFICATION 15 FOR AN APPLICANT WHO IS NOT AN INDIVIDUAL.

Altemate I. (Grantees Other Than Individuals)

A The grantee certifies that it will or continue to provide a drug-free workplace by:

@

(®)

©

(d)

)]

®

Fublishing a stsfernent notif y ing employees that the unlawful manufacture, distribution, dispensing, possession, or use of a

controked subetance B prohibited in the grantee's workplace and specifying the actions that will be taken against employ ees
for violation of such prohibition;

Establishing an ongoing drug-free awareness program to inform employees about—

{1}  The dangers of drug abuse in the workplace;

(@ The grantee's policy of maintaining a drug-free workplace;

(3) Any available drug counseling, rehabilitation. and employee assistance programs; and

(4) The penaltiesthat may be imposed upon employees for drug abuse violations occurring Inthe workplace;

kg b = o ierment el each employee to be engaged inthe performance of the grant be given a copy of the statement
required by paragraph (&):

Notfyingthe employee in the statement required by paragraph (a) that, as a condition of employment underthe grant, the

employeewl —

(1) Abide by the terms of the statement; and .

(@) Noffy e emplye nwiingof tis or her conviction for a violation of a criminal drug statute occurringin the workplace
no laterthan five calendardays aftersuch conviction;

MNofyirgtheagerey nwniting, withinten calendar davs after receivina notice under subparagraph (d){2) from an employee
or dferseamoeding actual notice of such conviction. Employers of-convicted employees must provide notice, including
peedion tle, toeveny ganl officer on whose grant activity the convicted employee was working. unless the Federal agency
has designated a certral part for the receipt of such notices. Notice shall include the identificationnumber(s) of each affected
grant;

Taking one of the folowing 20%ons, within 30 calendar days of receiving notice under subparagraph{d)(2), with respect to any

emplc_)lyeewho is so convicted —

)] aKng eppropriate personnel action against such an employee, up to and includingtermination, consistent with the
requirements of the RehabilitationAct of 1973, as amended: or

(2) Reguingsuch errgioy e dopacticipate satisfactorily in a drug abuse assistance or rehabilitationprogram approvedfor
such purposes by a Federal, State, or local health, law enforcement, or other appropriate agency;

'(I-'Esl'ii'l.;lg E(I%!d faiheficd ivoorfiue to maintain a drug-free workplace through implementation of paragraphs (a), (b). (c). (d).
e) and (f).

) to R
B. The granfze may insat e spece provded below the site(s) for the performanceof work done in connectionwith the specific grant:

Place of Performance (Street address, city, county. state, zip code)

Check __if there are workplaces on file that are not identified here.

PARTD: Certification Regarding Drug-Free Workplace Requirements

CHECK __ IF THIS CERTIFICATION IS FOR AN APPLICANT WHO IS AN INDIVIDUAL.

Alternate li. (Grantees Who Are Individuals)

@

)

Theg=nize certifies that, as a condition of the grant, he or she wil not engage inthe unlawful manufacture, distribution.
dispensing, possession, or use of a controlled substance in conducting any activity with the grant;

If convicted of acrimind dug of f ense resulting from a violation occurring during the conduct of any grant activity. he or she
wil mport, the conviction, imariing, within 10 calendar days of the conviction, to the grant officer or other designee. unless the
Fesierl agency desigrates a cenlil point for the receipi Of such notices. When notice is made to siich & eentral point, it shall
Include the identification number(s) of each affected grant.

DI-2010

March 1995

(This formeconsalidates DI-1953. DI-1954.
DI-1955. DI-1956 and DI-1963)



SE— = B T —

‘FATTE:  Certification RegardingLobbying
Certification forContracts Grants, Loans, and Cooperative Agreements

CHECK __ IF CERTIFICATION 15 FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMOUNT EXCEEDS §10:,000: A FEDERAL GRANTOR COOPERATIVE AGREEMENT,
SUBCONTRACT, OR SUBGRANT UNDER THE GRANTOR COOPERATIVEAGREEMENT.

CHECK __ IF CERTIFICATION IS FOR THEAWARD O F A FEDERAL
LOAN EXCEEDING THE AMOUNT OF 150,000, ORA SUBGRANT OR
SUBCONTRACT EXCEEDING $100.000, UNDER THE LOAN.

The undersigned certifies, to the best of his or her knowledge and belief, that:

(1) NoFederd spproprieted funds have been paid or W be paid, by or on behalf of the undersigned, t0'any personfor influencing
erafierrefing foinfuence en dificer o employeeof an agency, a Member of ‘Congress, and officer or employee of Congress, or
anemgoyeaof aMemberaf Cangmss ' connection with the awarding of any Federal contract, the making of any Federal grant,
themaking of any Federal loan, the entering into of any cooperative agreement, and the extension, continuation. renewal.
amendment, or modification of any Federal contract, grant. loan. or cooperative agreement.

(2) If ay funds oiterthen Federsl appropriatedfunds have been paid or v be paid to any person for influencing or attempting to
ifiuence an offoer orempioyee of @y agency, a Member of Congress. an officer or employee of Congress, or an employee Of
abemberad Congress in connectionwith this Federal contract, grant, loan, or cooperative agreement, the undersigned shall
complete and submit Standard Form-LLL. "Disclosure Form to Report Lobbying," in accordance with its instructions.

(3) Thewnde=iyed shal require that the language of this Certificationbe included in the award documents for all subawards at all
fiers {robucing subcoriracts, subgrants, and contracts under grants, loans, and'woperative agreements) and that all subrecipients
shall certify accordingly.

This carfiication b amatesial representationof fact upon which ieliance was placed when this transactionwas made O entered into.

Submission of s certiliation & preserp sl for making or entering into this transaction imposed by Section 1352, title 31, U.S. Code.
Ay pernebafals to file the required certification shall be subject to a civil penalty of not less than $10,000 and not more than

$100.000 for each such failure.

As the authorized certifying official, I hereby certify that the above specified certifi€ations are true.

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL %ﬂ m r@ nlu_eJ"G{r_.

Samchrn M. Dy d \j
TYPED NAMEAND TITLE Cratrracts aed (Jragts Analos
WAy 11 2000
DATE
DI-2010
Mareh 1995

(This fomm consoflidates D1-1953, DI-1954,
Di-1955. DI-1956 and D1-1963)




OME Approval No. 0348-0043
Application kdeniifer !

Sizta Applcaticn Iderdfier

T TEETTE
APPLICATION FOR 2. DATE SUBMITTED
FEDERAL ASSISTANCE
1. TYPE OF SUBMISSION: 5. DATE RECEIVED BY STATE
Aﬁplication Preapplication
Construction N Construction .
4. DATE RECEIVED BY FEDERALAGENCY
[£1 Non-Construction [ Non-Construction

Federal Identifier

5. APPLICATION INFORMATION

Legal Name
The Regents of the University of California

Drganizational Unit
Land, Arr and Water Resources

Address (give city, county, state, and zip code)
Dffice of the Vice Chancellor of Research
410 Mrak Hall

University of California

IDavis, California 95616-8671 YOLO COUNTY

Administrative Contact

Name and telephone numberd the person to be contacted on matters
inwahing this application {gha Snea Cooe)

Technical Contact
Minghua Zhang

(530) 752-4953

Sandra Dowdy
(530} 754-6131

B. EMPLOYER IDENTIFICATIONNUMBER (EIN): 7. TYPE OF APPLICANT (enter appropriate letter in box) |I_|
al4 6lol31s ‘ 9 A. State H. Independent School Dist.
- 14 141 B. County I. State Controlled Institution of Higher Learning
C. Municipal J. Private University
8. TYPE OF APPLICATION: . D. Township K. Indian Tribe
E. Interstate L. Individual

X New [1 Revision
If Revision, enter appropriateletter(s) in boxes(es}) |:| |:|

[J Continuation F. Intermunicipal

G. Special District

M. Profit Organization
N. Other (Specify):

B. Decrease Award C.

A. Increase Award Increase 9. NAME OF FEDERALAGENCY:
Duration
D. Decrease Duration  Other (specify): CALFED Bay-Delta Program
10. CATALOG OF FEDERAL DOMESTIC 11. DESCRIPTIVE TITLE OF APPLICANT'S PROJECT:
ASSISTANCE NUMBER n

TITLE Monitoring and assessing the ecosystem/water quality in the
San Francisco/Sacramento-San Joaquin bay-delta-valley

region using remote sensing and GIS techniques

12. AREAS AFFECTED BY PROJECT (cities, counties, states, etc.)

Sacramento and San Joaquin counties

13. PROPOSED PROJECT 14. CONGRESSIONALDISTRIGTS QOF:

Start Date Ending Date a. Applicant b. Project
10/01/00 09/30/03 3rd
1
15. ESTIMATED FUNDING: 16. ISAPPLICATION SUBJECTTO REVIEW BY STATE EXECUTIVE ORDER 12372 PROCESS?
a. Federal $416,446 a. YES. THIS PREAPPLICATION/APPLICATION WAS MADE AVAILABLE TO THE
STATE EXECUTIVEORDER 12372 PROCESS FOR REVIEW ON:
b. Applicant S
L+} "_TE
c. state $
b. NO. [E] PROGRAMISNOTCOVEREDBY E.O. 12372
d, Locy g
[J OR PROGRAM HAS NOT BEEN SELECTED BY STATE FOR REVIEW
&, Othar 5
f. ProgramIncome | $ 17. ISTHE APPLICANT DELINQUENT ONANY FEDERAL DEBT?
g. TOTAL $416,4406 [ Yes If"Yes," attach an explanation. =] Ha

18.7O THE BEST OF MY KNOWLEDGEANO BELIEF. ALL DATA N THIS APPLICATION/PREAPPLICATION ARE TRUE ANOCORRECTTHE DOCUMENT HAS BEEN DULY
AUTHORIZED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT W] IF THE

a. Tvoed Name of Authorized Representative | b. Title

| c. Telephone number
Sandra Dowdy Contracts & Grants Analyst

(530) 754-6131

e. Date Signed
MAY 12 2000

E. Signalur of Aulhanzed Representalive '




BLID-HET INFORMATION - Non-Construction Programs Cblfl Approvsl Mo, OS48:0044

L TRETIES T AL, SECTION A - BUDGET SLIMMARY, 0 i
Grant Program Catalog of Federal Estimatad Unobligated Funds Mew or Revissd Budgat
Functiom Domestic Assistance
ar Activity Humber Federal Non- Federal Federal Non- Federal Total
tmh Ibh fc} d) ie) I igl
' AL FED Bay-Dalta B ] § $ _ $ 416,446.00 | § $ 416,446.00
2. 0.00
3. 0.00
" _ 0001
I Totals s 0.00 | s 000 |5 _ 416446.00 | ¢ 000 |'s 416,446.00
F_g S P R A T e T o e s e B i e .-'-__-_ch'nﬂpJ B _&um‘.ir-."r ::ATEED_E_;_IEE T S i - L ]
2 Fihdont Pace Matanarine L . GRAM PROGRAM, FUNGTION OR AGTIVITY .! Total
r . - ) i) 2000-2001 (2} 2001-2002 1031 2002-2003 [4] 2002-2003__ l {5}
#. Parsonnel 4 52,824.00 | & 53,387.00 57,144.00) & $ 163,355.00
b, Fringe Banafits 9,933.00 9,942.00 26,467.00 46,342.00
c. Travel 2,000.00 0.00 1,000.00 3,000.00
d. Equipment 89,000.00 0.00 0.00 89,000.00
g, Supplics 0.00I 0.00 0.00 0.00
f. Contraciual 0.00 0.00 0.00 0.00
{- Construction 0.00 0.00 0.00 0.00
. Other 4,314.00 4,400.00 4,488.00 13,202.00
i. Total Dirget Charge {sum of Ba-Ehl 158,071.00 67,729.00 89,099.00 0.00 314,899.00
j- Indirect Charges 30,112.00 | 30,398.00 41,037. 00 101,546.00
_ - ) ) 1
k. TOTALS {gum of Gi and G 8 188,183.00 | « 08, 127.00 | & 130 136.00 | ¢ 000 | 4 416,445,00
T T r‘ “::.. ’ i S cu e iy 5] - ::' s : [ T e PR T L .
7. Pragramlhsosma 5 8 5 E $
s bollon Ut Authorizedfor LocalReproducation Standard Form 422A (Rev. 4-92)

Prescribed by OMB Circular A-102




—

T e e T T T e L e e SAEC 1O S NONFEDERAL RESOURCES: s o . i
[al Grant Frogram (k] Applicant (c) State {4l Other Sources in] TOTALS
8. CALFED Bay-Delta Program $ $ $ $ 0.00
9. 0.00
10. 0.00
— - 'ﬂ R T -
T2 TOTAL (sum of lines 8 - 111 I's 0,00 4 0.00| s 0.00 | ¢ 0.00
‘.“L |_'b.\, :Ié: ; '.-J!'Lt:—:l-ﬁl :F'I:{;':-..-\._ni'; ; ::} “-;:l:- i ..-.-. - - :- r’l- '-l ':: : .-.-EE':-mN'l-h'-" FE.H.FAETE"n EAEH HEED$ i .-" ¥ - B .
— S #&'ﬁ’m 1||. "|"|:-n| : 1:|. E;uinﬂ' — na l:l:l.rﬁ-e : Brd Qumtir Ath Duaner

13. Faderal B

i i £ 0.00 & ] -3 &
14, MNonFaderal .00
165, TOTAL{sum of lines 13 and 141 5 0.00 ; 0.00( 4 0.00| ¢ 0.00 | 4 0.00
S Lh e e et A SECTION E < BUDGETESTIMATES OF FEDERAL FUNDS NEED BALANG PROJECT 3

(&) Grant Program FUTURE FLJNI‘.‘IINEF‘ERIDDE [Vears] )
i) First &l Sacond tdl Third izl Fourth

18.

CALFED Bay-Dela Program 8 168,182.00 1, 08,127.00 | & 130,136.00 | &
1T7.
18 ' I -
19.
20, o o i

TOTAL (sum of lines 16 - 19} E 188,182.00 | & 98,127.00 | . 130,136.00 | & 0.00

./ /'SECTION F - OTHER BUDGET INFORMATION. .

F -

21. I'-'llrer.t Eharuas
$314,900

$101,546

22. Indirect Charges:

23. Remarks:

Authorizedfor Locaﬁeproducatlon

Standard Form 424A {Rev. 4-92) Pago 2




OMB Approval No. 0348-0040

ASSURANCES - NON-CONSTRUCTION PROGRAMS

Public reporting burden for this collection of information is estimated to average 15 minutes per response. including time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding the burden estimate or any other aspect of this collection of information, including suggestions for
reducingthis burden. to the Office of Managementand Budget, Paperwork Reduction Project(0348-0040), Washington, DC 20503.

PLEASE DO NOT RETURNYOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENTAND BUDGET.
SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY. -

NOTE: Certain of these assurances may not be applicable to your project or program. If you have questions, please contact the
awarding agency. Further. certain Federalawarding agencies may require applicantsto certify to additional assurances. If such

As the duly authorized representativeof the applicant. | certify that the applicant:

1.

is the case, you will be notified.

Has the legal authority to apply for Federal assistance
and the institutional. managerial and financial capability
(including funds sufficient to pay the non-Federal share
of projectcost) to ensure proper planning, management
and completion of the project described in this
application.

Will give the awarding agency, the Comptroller General
of the United States and, if appropriate, the State.
through any authorized representative, access to and
the right to examine all records, books, papers, or
documents related to the award; and will establish a
proper accounting system in accordance with generally
accepted accounting standards or agency directives.

Will establish safeguards to prohibit employees from
using their positions for a purpose that constitutes or
presents the appearance of personal or organizational
conflict of interest, or personal gain.

Will initiate and complete the work within the applicable
time frame after receipt of approval df the awarding
agency.

Will comply with the Intergovernmental Personnel Act of
1970 (42 USC. 547284783 relating to prescribed
standards for merit systems for programs funded under
one of the 19 statutes or regulations specified in
Appendix A of OPM's Standards for a Merit System of
Personnel Administration (5 CFR. 900, SubpartF).

Will comply with all Federal statutes relating to
nondiscrimination. These include but are not limited to:
(a) Title VI of the Civil Rights Act of 1964 (P.L. 88-352)
which prohibits discrimination on the basis of race, color
or national origin; (b) Title IX of the Education
Amendments of 1972, as amended (20 US.C. §g18a1-
1683, and 1685-1686), which prohibits discriminationon
the basis of sex; (c) Section 504 of the Rehabilitation

Previous Edition Usable

Act of 1973, as amended (29 U.S.C. §794), which
prohibits discrimination on the basis of handicaps; (d)
the Age Discrimination Act of 1975, as amended (42
USC. §§6101-6107), which prohibits discrimination
on the basis of age; (e) the Drug Abuse Office and
Treatment Act of 1972 (PL. 92-255), as amended,
relating to nondiscrimination on the basis of drug
abuse; (9 the Comprehensive Alcohol Abuse and
Alcoholism Prevention, Treatment and Rehabilitation ,
Act of 1970 (P.L. 91-616), as amended, relating to
nondiscrimination on the basis of alcohol abuse or
alcoholism; {g) §&623 and 527 of the Public Health
Service Act of 1912 (42 US.C. §5280 dd-3 and 290 ee
3), as amended, relating to confidentiality of alcohol
and drug abuse patient records; (h) Title Viil of the
Civil Rights Act of 1968 (42 USC. §§3601 etSeq,), as
amended, relating to nondiscrimination in the sale,
rental or financing of housing; (i) any other
nondiscrimination provisions in the specific stafute(s)
underwhich application for Federalassistance is being
made; and, (jj the requirements of any other
nondiscrimination statute(s) which may apply to the
application.

Will comply, or has already complied, with the
requirements of Titles Il and 1l of the Uniform
Relocation Assistance and Real Property Acquisition
Policies Act of 1970 (P.L. 91-646) which provide for
fair and equitable treatment of persons displaced or
whose property is acquired as a result of Federal or
federally-assisted programs. These requirements apply
to all interests in real property acquired for project
purposes regardless of Federal participation in
purchases.

Will comply, as applicable, with provisions of the
Hatch Act (5 USC. 8§§1501-1508 and 7324-7328)
which limit the political activities of employees whose
principal employment activities are funded in whole or
in part with Federalfunds.
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Will comply, as applicable, with the provisions of the Davis-
BaconAct (40 USC. §§2T&a to 276a-7), the Copeland Act
(40 USC. §276c and 18 USC. §874), and the Contract
Work Hours and Safety Standards Act (40 USC. §§327-
333), regarding labor standards for federally-assisted
constructionsubagreements.

Will comply, if applicable, with flood insurance purchase
requirements of Section 102(a) of the Flood Disaster
Protection Act of 1973 (PL. 93-234) which requires
recipientsin a special flood hazard areato participate in the
program and to purchaseflood insurance if the total wst of
insurable constructionand acquisitionis $10,000 or more.

Will comply with environmental standards which may be
prescribed pursuant to the following: (&) institution of
environmental quality control measures under the National
Environmental Policy Act of 1969 (PL. 91-190) and
Executive Order (EO)11514; (b) notification of violating
facilities pursuant to EO 11738; (c) protection of wetlands
pursuantto EO 11990; (d) evaluation of flood hazards in
floodplains in accordancewith EO 11988; (e) assurance of
project consistency with the approved State management
program developed under the Coastal Zone Management
Act of 1972 (16 USC. §§1451 et seq); (9 conformity of
Federal actions to State (Clean Air) Implementation Plans
under Section 176(c) of the Clean Air Act of 1955, as
amended (42 USC. §ET401 et seq);, (g) protection of
underground sources of drinking water under the Safe
Drinking Water Act of 1974, as amended (P.L. 93-523);
and, (h) protection of endangered species under the
Endangered Species Act of 1973, as amended (P.L. 93-
205).
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Will comply with the Wild and Scenic Rivers Act of
1968 (16 USC. §§1271 et seq) related to protecting
components or potential components of the national
wild and scenic rivers system.

Will assist the awarding agency in assuring compliance
with Section 106 of the National Historic Preservation
Act of 1966, as amended (16 USC. §470), EO 11593
(identification and protection of historic properties), and
the Archaeological and Historic Preservation Act of
1974 (16 USC. §5dE2a-1 etseq.).

Will comply with PL. 93-348 regarding the protection of
human subjects involvedin research, development,and
related activities supported by this award of assistance.

Will comply with the Laboratory Animal Welfare Act of
1966 (P.L. 89-544, as amended, 7 USC. §EZ131 et
seq.) pertainingto the care, handling, and treatment of
warm blooded animals held for research, teaching, or
other activitiessupported by this award of assistance.

Wil comply with the Lead-Based Paint Poisoning
Prevention Act (42 USC. #&4801 et seq.) which
prohibits the use of lead-based paint in construction or
rehabilitationof residence structures.

Will cause to be performed the required financial and
compliance audits in accordance with the Single Audit
Act Amendments of 1996 and OMB Circular No. A-133,
"Audits of States, Local Governments, and Non-Profit
Organizations."

Will comply with all applicable requirements d all other
Federal laws, executive orders, regulations, and policies
governing this program.
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